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It’s Not Just the Smoke - The Effects of Nicotine on the Body
Overall Goals:
This series of modules was developed to help
middle school students make healthier choices with
respect to drug consumption, however the ideas
explored should also empower student to make
healthier decisions regarding their food and
beverage intake.
During this lesson students will focus on nicotine a
chemical found in tobacco and many vaping
products. Nicotine is the chemical that is mainly
responsible for the psychoactive effects (ex.
buzz/high) and addictive qualities of tobacco and
vaping products, as well as some of the detrimental
health effects associated with these products.
While there are more than 90 other chemicals in
tobacco products and tobacco smoke that are
classified by the FDA as harmful and potentially
harmful 1, nicotine is the common denominator
between tobacco products that are smoked, those
that are smokeless (ex. chewing tobacco, snuff,
etc.), and vaping with nicotine liquids. To that end,
discussion of nicotine allows for a broader
conversation about all these products and their
common effects. Additionally, this lesson forms a
platform from which discussions of other harmful
tobacco-associated chemicals can be initiated.
Developing an understanding of a molecule like
nicotine, a molecule commonly consumed by the
adult public, should make it easier to recognize how
and why molecules like ethanol (in consumable
alcohol), THC (in marijuana), heroin and other
opioids, can have affects on the body. By providing
this background, we hope middle school students
will make healthier choices regarding their food,
drink, and drug consumption in general, and in
particular, delay or abstain from nicotine
consumption
(This is written as part of a series of modules
involving chemicals such as sucrose/table sugar,

caffeine, and nicotine. As written it should be able
to stand alone from the other modules, however the
first module on sucrose/table sugar may give some
helpful background. The other modules are found
at digital.kenyon.edu/celchem401)
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Focus of Classroom Lessons and Activities:
This module will explore nicotine’s binding to the
nicotinic acetylcholine (nACh) receptors and some
of the effects attributed to these binding events.
This module will also continue to build a basic
understanding of how chemicals that are not
normally required for body function can interact
with the body and elicit response (ex. artificial
sweeteners, nicotine in tobacco products, ethanol in
consumable alcohol, THC and CBD from
marijuana, etc.).
Essentially, molecules like
nicotine have to “hijack” receptors that bind with
chemicals that are naturally found in the body, and
this process starts a cascade of events that results in
effects associated with a chemical like nicotine.

Key Learning Objectives:
1. The products in which nicotine is found
and how it enters the body.
2. Understanding the nicotine molecule.
3. How nicotine interacts with the body.
4. Some long- and short-term effects of using
products that contain nicotine.
1

Background Information:
Nicotine General Information:
Nicotine has the molecular formula C10H14N2
(Figure 1a), and it is one of the key molecules that
cause the psychoactive effects, negative health
outcomes (including cancer), and addictive
potential associated with tobacco. It is also a precursor to other chemicals that are particularly
harmful to the body; the tobacco-specific
nitrosamine molecules (ex. NNN and NNK) are
formed from chemical modifications of the nicotine
molecule and are implicated in many of the cancers
associated with nicotine/tobacco use. Although
nicotine is typically described in the uncharged
form, in the body it is naturally converted to the
charged form (Figure 1b). It is the charged form
that is dominant in the body and is responsible for
the effects described previously.
a)

b)

Figure 1. Representation of the nicotine molecule
in a) the uncharged (C10H14N2) and b) the
charged form (C10H15N2+). The molecule is
typically described in the uncharged form,
however it is the charged form that interacts with
the body.
All nitrogen (N) atoms are shown, but for clarity
of structure, carbons (C) and hydrogens (H) are
not. Bonds are represented by lines. An explicit
structure for nicotine is found in Appendix 1

The following review materials for sleep and
caffeine may be helpful (but not required). Meyer
& Quenzer is a textbook, but most are freely
available on the web if doing an internet search.
(Some are written as general interest articles and
others as technical papers.) 2–9

Nicotine is found in tobacco products that are both
smoked and smokeless, ex. cigarettes, cigars, pipe
tobacco, chewing tobacco, patches, and many
vaping liquids. The nicotine molecule is also used
in many “stop smoking” products, such as gums
and patches, to step down a person’s craving for a
tobacco product and to help break the behavioral
habits. Regardless of how it enters the body,
absorbed through the lungs, mouth, gums or skin,
nicotine can have the same affect on the body.
Often however, methods of administration that
results in higher concentration and faster absorption
(ex. through lungs) have a more pronounced shortterm affect on the body, e.g. the buzz is more
intense, and thus may be more likely to bring about
abuse.
Nicotine is a chemical that is naturally produced in
the tobacco plant. For the tobacco plant, the
nicotine can be protective as it can serve as an
insecticide. For the insect, nicotine in sufficiently
high doses can paralyze or kill it. For the human,
high doses of nicotine can also cause paralysis
(among other problems) and death, but with typical
administration doses and methods, ex. via cigarette,
chew, or vape, the nicotine concentration in the
human body does not reach lethal levels. The levels
that humans experience typically gives an
experience some would call pleasurable, however
at the same time, there can be other chemical
changes occurring in the body that lead to addiction
and other negative health outcomes, including
death.
In examining nicotine’s affects on the body,
students will continue to explore the nature of
chemical-receptor binding which is the
foundation for how many chemicals interact
with the body. In this case, the students will
examine nicotine’s binding to the nicotinic
acetylcholine receptor and a variety of
downstream effects that arise from this action.
This information extends the student’s
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understanding of chemical-receptor binding
and should help provide a deeper understanding
of how chemicals like THC (in marijuana),
heroin, etc., can affect the body.

Chemical-Receptor Binding:
This concept was introduced in the sucrose (table
sugar) module, which can be found at Digital
Kenyon (digital.kenyon.edu/celchem401sucrose).
The first paragraphs are similar to those in other
modules of the series, but the final paragraph(s)
are specific to the molecule of focus.
Receptors are typically proteins (molecules
composed of thousands of atoms that are arranged
as a series of amino acids) that are embedded in a
cell membrane or located within the cell, and their
activation often triggers a chain of events that
results in an effect on the body. (Figure 2.)

Figure 2. A common mode of chemical-receptor
binding. (Red arrow) A chemical from the
extracellular side of the cell membrane interacts
with the receptor embedded in the cell membrane.
(Blue arrow) The chemical binding may triggers a
chain of events that alerts the internal cell
components to the presence of the chemical in the
body. (Green arrow) This may also cause signals
to be sent to other cells throughout the body.

In many cases, receptors are integrated into the cell
membrane and this allows them to interact with
molecules circulating in the body (i.e. outside the
cell). The receptor is activated by interacting or

“binding” with a specific chemical(s). To bind with
the receptor, the chemical must have a shape or
charge distribution that is complementary to that in
the receptor’s binding pocket (location where the
interaction takes place). This interaction typically
causes a change in the receptor shape and this
essentially transfers the contact information to the
inside of the cell. This transfer of information can
enhance or inhibit normal cellular processes, and
this is the start of the cascade of events that allows
a chemical (like a drug or food) to have an affect on
the body.
Example: The chemical-receptor binding is much
like getting a stone in a shoe. The stone is the
chemical that binds with the larger receptor, the
person. Once the stone is in the shoe, (the binding
pocket) the person often changes their gait or
contorts to remove the stone. This is akin to the
receptor’s change of shape which signals binding to
the rest of the cell.
As mentioned in previous modules, it is important
to remember that when any molecule and receptor
binds or interacts, it is only for a limited amount of
time, and then the molecule is released. This allows
for another molecule to bind and release
subsequently. Additionally, each binding event
may trigger a series of actions in the cell that can
result in an affect on the body. The effects
produced, however, depend on what chemical and
receptor interact.
In this case, nicotine will compete with
acetylcholine (an endogenous, or naturally
occurring chemical in the body) for the same
binding pocket on the nicotinic acetylcholine
(nACh) receptor. 7,10–12 The binding of each
molecule, nicotine or acetylcholine, will produce a
different outcome on the body. Some of the
common affects of nicotine will described in the
following sections of the module.
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Introduction to the Reward Circuit and Link to
Addiction:
Before introducing some of the receptors to which
ethanol binds, it is useful to have an understanding
of the brain’s “reward circuit,” because some of
the ethanol-receptor interactions influence these
connections in the brain.
The reward circuit or pathway (also known as the
mesolimbic dopamine system) is a collection of
neurons in the brain that interact with one another
to control an individual’s response to natural
rewards such as food, sex, and social interactions,
all of which were basic needs for early human
survival. The positive response in the brain after the
reward circuit is activated helps motivate a person
to repeat actions that would bring the precipitating
reward, to anticipate reward, etc. This circuit also
helps connect memories and emotions to the
rewarding behavior, so that the action is more likely
to be repeated and becomes more psychologically
ingrained. 3,13–18
The chemical dopamine is one of the activators of
the reward pathway, and this is why dopamine is
often connected to many drugs and behaviors
(positive or negative) that can become consuming,
ex. gambling, donating time/money to charity, etc.
Many of these behaviors, at least initially can be
found to be pleasurable, and that is why dopamine
is often seen as a chemical that promotes pleasure.
However, research, 3,17 indicates that the chemical is
more closely linked to the expectation of an event,
or to motivating or reinforcing a repetition of the
behavior that leads to a given outcome. This echoes
the idea that many people with addiction are often
not receiving significant (or any) pleasure from
their behaviors, yet the actions are still repeated.
It should also be noted that, like many of the
complex processes in the brain and body, dopamine
is not the only chemical that can activate this
circuit. Research has shown that when the
dopamine neurons are unable to release dopamine

in a part of the brain called the nucleus accumbens
(i.e. those neurons are lesioned), selfadministration of drugs like cocaine and
amphetamine is abolished
In contrast, selfadministration of alcohol and heroin continues,
thus these drugs do not rely on dopamine, or
dopamine alone, to help establish the dependent
behaviors. 4,19 Therefore, while dopamine release
plays a role in the formation of drug dependence,
brain function is based on a complex web of
chemicals and pathways and it would not be
expected that one chemical would be completely
responsible for initiating and propagating the
addictive process.

Nicotine – Interactions with the Nicotinic
Acetylcholine (nACh) Receptor:
For nicotine, or any exogenous chemical we ingest,
to have an effect it must utilize a system that
already exists in the body. That is, nicotine must
“exploit” or “hijack” receptors or reactions that are
pre-existing in the body. (This idea is explored
further in the caffeine/adenosine module found at
digital.kenyon.edu/celchem401caffeine). In the
case of nicotine, it will exploit a receptor that is
normally used by a naturally occurring chemical,
acetylcholine. Nicotine, however, binds to the
nicotinic acetylcholine (nACh) receptors with more
strongly than acetylcholine, and is often present in
differing concentrations, thus it can promote effects
that acetylcholine does not.
Depending on the cell-type associated with the
nACh receptor, when nicotine binds to these
receptors some of the downstream consequences
can be considered stimulatory and others sedative,
and over the long term addiction and cancer can
arise. As noted previously, similar to other
addictive chemicals, nicotine can activate the
reward circuit which is associated with the learning
or anticipation of reward, motivation to repeat the
action to obtain reward, and over the long-term,
addiction. This abnormal activation results from

4

the nicotine binding with nACh receptors
associated with neurons in the brain that can
activate the reward circuit, at least in part by
increasing the release of dopamine into the circuit.
13,14,17,18
Consequently, the reinforcing effects of
tobacco products that can lead to dependence and
addiction can be, in some degree, attributed to
nicotine’s exploitation of the nACh receptor’s
normal function.
Nicotine’s activation of other nACh receptors
causes the release of chemicals that help manifest
both the stimulatory and calming behaviors
associated with the chemical. 4,8,20, Among those
responses, one downstream consequence is the
release of adrenaline, a hormone associated with
the “fight or flight” response. While the increase in
the chemical adrenaline can impact the body in
many ways, familiar responses to tobacco users
may be the increase in heart rate and blood pressure
- which can help give the “buzzed” feeling Another
downstream impact is anxiety relief, which may be
related to a dopamine pathway connected to
anxiety, as well as decreases in muscle tension
(caused by the nicotine action). The nACh
receptors can influence a variety of emotional and
behavioral characteristics and are implicated in the
development and propagation of cancers, thus the
consumption of nicotine can have wide ranging
affects.

Nicotine – Select Short- and Long-Term Effects: 5,6
Some short-term effects that result from the
ingestion of nicotine include:

• Many smoker’s report an elevation of mood
and a reduction of anxiety upon smoking, but
the research is unclear whether this a real
elevation from the “normal non-nicotine
state,” or due to the alleviation of withdrawal
symptoms, which can arise only a few hours
after the last cigarette.3,20
• Studies indicate nicotine administration can
focus attention in humans (both smokers and
non-smokers), although the acute withdrawal
symptoms make it difficult to evaluate in
smokers. Nicotine has been shown to enhance
working memory in mice.3,22,23
• Recent studies on mice indicate that nicotine’s
release of dopamine may help reduce
anxiety.20
Some long-term effects that result from the
ingestion of nicotine include:
• Decrease in life expectancy. It is estimated
that smoking leads to an average decrease in
life expectancy of more than 10 years, and in
the US alone, 400,000 premature deaths each
year are attributed to tobacco products.24
• Exposure at adolescence may increase use. A
study showed that female rats selfadministered nicotine significantly more when
they were first exposed at adolescence rather
than adulthood.3,25
• Addiction. Likely through disruption of the
normal function of the reward cycle
(discussed previously).

Note: When thinking about some of the potentially
positive short-term effects associated with nicotine,
it must be weighed relative to the significant
negative effects, both known and possible, which
are listed in the long-term effects.

• Cancer. Nicotine acts as a cancer promotor, if
not initiator, through action on nACh
receptors. Nicotine is also the precursor to
other molecules that are carcinogens and are
naturally present in the tobacco leaf.
Discussed in “Nicotine and Cancer” section.

• Many animals, including humans, will
consistently self-administer nicotine which
points to its addictive effects.3,21

• Behavioral alterations due to early exposure.
Studies indicate exposure to nicotine during
early brain development can cause
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neurobiological and behavioral alterations that
last for a lifetime.26,27
• Epigenetic effects. Epigenetics refers to
changes resulting from modifications in the
“packing” of the DNA; these changes can be
passed to unborn children due to prenatal
exposure or through the DNA in the sperm or
egg. (Figure 3) Thus, the chronic user and the
children of the user may suffer repercussions
of ethanol abuse. These effects are not the
result of changes in the sequence of the DNA
(ex. the sequence of A, T, G, C bases), but
result from changes in how DNA packs
around histones, and this can result from
unnatural patterns of DNA acetylation, etc.
These unnatural patterns are provoked by
nicotine exposure.28–31

DNA contains the blueprints for how to build
and maintain the body, but not all of the DNA
is actively used at a given time. The parts that
are being used are exposed to the environment
of the cell so they can be transcribed, whereas
the parts of the DNA that are not being used
are less exposed and can’t be transcribed.
Ethanol interacts with molecules that affect
how the DNA is packed, and thus has the
ability to expose sections of DNA that should
not be available for use in transcription.
• For example, mouse studies have indicated
lung function can be compromised in both first
and second generation offspring of mice
treated with nicotine. That is, the exposure of
the mother or grandmother mouse to nicotine
(but not the combination of chemicals seen in
cigarettes, cigarette smoke, or smokeless

EPIGENETIC MECHANISMS

are affected by these factors and processes:
Development (in utero, childhood)
Environmental chemicals
Drugs/Pharmaceuticals
Aging
Diet

HEALTH ENDPOINTS
Cancer
Autoimmune disease
Mental disorders
Diabetes
EPIGENETIC
FACTOR

CHROMATIN

METHYL GROUP

CHROMOSOME

DNA
DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate or repress genes.
GENE

HISTONE TAIL
HISTONE TAIL

DNA accessible, gene active

Histones are proteins around which
DNA can wind for compaction and
gene regulation.

HISTONE
DNA inaccessible, gene inactive

Histone modification
The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.

Figure 3. Epigenetic mechanisms, including DNA methylation and histone modification. Notice that DNA (purple)
can only be transcribed to RNA if it is accessible, as in the right inset. DNA that is not accessible can’t be
transcribed, i.e. that wrapped tightly around the histones, left insert. Chemical modifications prompted by drugs
like ethanol, nicotine, heroin, etc. can change what part of the DNA is available for transcription. These changes
to the DNA will be preserved through replication and can be transferred to unborn children. Credit: National
Institutes of Health 32
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tobacco) is related to changes in gene
expression that can negatively affect
offspring.32

Nicotine and Cancer:
Nicotine is often considered the molecule that is
responsible for the addictive properties of tobacco,
but not as an aid or agent in cancer development.
Recent research, however, has indicated that
nicotine can play a role in cancer formation and
reoccurrence, although it is not clear if nicotine
alone can initiate the disease. 34,35 Like with its role
in addiction, these investigations link nicotine’s
affect on cancer development with its ability to bind
with the nACh receptor – only in this case, the
targeted nACh receptors are not found in the brain.
Nicotinic acetylcholine (nACh) receptors are not
just located in the brain, they are also found in the
membranes of cells throughout the body. Once
nicotine is administered to the body, whether by
smoking or other source, the molecule is free to
move through the body. The effects that are most
immediately noticed result from interactions of
nicotine with the nACh receptors in the brain (ex.
mood changes), but nicotine also interacts with
nACh receptors located on cells of the lungs,
mouth, tongue, esophagus, and the rest of the body.
8
Activation of these nACh receptors can affect cell
growth, proliferation, and cell survival, and
research indicates that a disruption of the normal
activation of these receptors can help prompt the
genesis and/or propagation of cancer. Since
nicotine can act on these receptors, it is not
unsurprising that this molecule may be linked to the
cancer process, however as noted above, it is still
unclear if it can initiate the disease on its own.

Tobacco Specific Nitrosamines (Nicotine Related
Chemicals) and Cancer
Nicotine is not alone in its ability to hijack the
nACh receptors, its chemical “children”, the
tobacco-specific nitrosamines (TSNAs) can also
mimic acetylcholine and they are tied to cancer
generation and/or propagation. 34,36 The tobaccospecific nitrosamines that are believed to be most
carcinogenic are NNN and NNK (Nnitrosonornicotine
and
nicotine-derived
nitrosamine ketone, respectively). Figure 4 uses
green highlights to illustrate the structural
similarities between NNN and NNK and their
parent chemical, nicotine. Other carcinogens
derived from nicotine include molecules with
names abbreviated as NAT, NAB, NNAL
(respectively:
N’-nitrosoanatabine,
Nnitrosoanabasine,
4-(methylnitrosamino)-1-(3pyridyl)-1-butanol).

Figure 4. Tobacco-specific nitrosamines like NNN
and NNK are produced by chemical modification
of nicotine. The green highlights show the
structural relationship between the two tobaccospecific nitrosamines NNN and NNK molecules
and their parent chemical, nicotine.

Tobacco-specific nitrosamines are produced from
nicotine or related compounds through a chemical
reaction (nitrosation) that occurs during the curing
and processing of the tobacco leaves– although
heating tobacco (ex. smoking) will accelerate their
formation, which means tobacco smoke has a
higher concentration of these carcinogens. 37
Nonetheless, a non-zero level of these carcinogens
can be found in all tobacco products, including
7

NNN and NNK. Additionally, more than 25
carcinogens are found in smokeless tobacco
products, also including NNN and NNK. As noted
above, tobacco-specific nitrosamines are also able
to interact with nACh receptors both in and out of
the brain, and research indicates this receptor
activation may be linked to a variety of cancers,
including those that are not normally associated
with smoking, ex. cancer of the pancreas, liver, etc.

molecule will be dominant. It is this positively
charged form of the nicotine that most effectively
interacts with the nicotinic acetylcholine (nACh)
receptor. The reason for this is that the positively
charged region of the molecule is attracted to, and
can fit closely into, a negatively charged region of
the receptor.

Nicotine – Charged or Uncharged and the
Implications:
Nicotine, like most molecules, is traditionally
illustrated as an uncharged (neutral) molecule,
C10H14N2. (See Figure 5) As noted initially, this is
not the only form of the molecule, it can also exist
with an extra hydrogen and a positive charge,
C10H15N2+. The chemical reason for this variation
in form is because nicotine is a weak base and it
will gain or lose H+ (a proton) depending on the pH
of the surrounding environment.
(More
specifically, the amine on the 5-atoms ring has a
pKa of 8.6.)
a)

b)

Figure 5. In comparison to the uncharged form, the
charged form of nicotine has an extra H+ on the
nitrogen of the 5-atom ring.
When the pH of the environment (ex. the body, a
lake, etc.) is less than the pKa of 8.6 there will be
more nicotine molecules in the positive charged
form. When the pH of the environment is greater
than the pKa of 8.6 there will be more nicotine
molecules in the uncharged form.

In the body, where the pH is typically around 7.4 or
below, the positively charged version of the
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Reading:
The preliminary reading is designed to give the students a short informative introduction to nicotine (in
tobacco related products). These readings should help students comprehend how nicotine works in the
body and outlines the potentially dangerous effects of nicotine products. Ultimately, it should help students
make healthier choices and ideally choose to not smoke, vape, chew, etc. or delay the age when they do
start using the drug.

Reading Objectives:
What is nicotine
Products, chemical formula, chemical structure
How nicotine is absorbed into the body
How the chemical properties affect this
How the different products enter the body
Introduce the nicotinic acetylcholine receptor
Effects in the body
Binding to the nAChR
The increase of dopamine
The addiction cycle
The negative effects
Health effects it can cause
Other chemicals nicotine products contain
Avoiding/getting help for nicotine addiction
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Why Nicotine is No Friend To You and Me.

What is Nicotine?
Nicotine is a chemical found in tobacco
products such as cigarettes, chewing tobacco,
electronic cigarettes (vape pens), and hookah. It
can also be added to products such as nicotine
patches, and nicotine gum.

Nicotine has 10 carbons, 14 hydrogens, and 2
nitrogens, therefore making its chemical formula
C10H14N2. Nicotine can be found in two forms.
One of the forms has a positive charge on it and
this form is able to bind with nicotine’s receptor
in the body (Figure 1b). The other form of
nicotine does not have a positive charge which
allows it to move freely throughout the body
(Figure 1a).
How Does it get into the Body?
The route nicotine takes to get into the body
depends on the nicotine containing product that is
used. If a person smokes a cigarette, hookah, or
vape nicotine enters the body through the lungs.
However, when a person uses products such as
nicotine gum or chew the nicotine enters through
the gums and tongue. Challenge question 1:

How do you think nicotine enters the body
when someone uses a nicotine patch? (See end
of reading for answer.) Regardless of what
product a person uses once the nicotine gets into
the body it enters the bloodstream and travels
through your body until it reaches your brain.
Once nicotine reaches your brain it binds to a
receptor called the nicotinic acetylcholine
receptor or nAChR for short.
Challenge
question 2: In Figure 1, which form of nicotine
binds to the nAChR receptor, form “a” or
“b”? (See end of reading for answer.)
a)

b)

Figure 1. Representation of the nicotine molecule
in a) the uncharged (C10H14N2) and b) the charged
form (C10H15N2+).
All nitrogen (N) atoms are
shown, but for clarity of structure, carbons (C) and
hydrogens (H) are not. Bonds are represented by
lines. An explicit structure for nicotine is found in
Appendix A
12

Effects in the Body
But what happens when nicotine binds to this
receptor? When nicotine the nAChR binds they
cause a large release of dopamine into the brain.
The chemical dopamine is one of the activators of
the “reward pathway” in the brain, and initially
this activation may be considered pleasurable.
But as the nicotine leaves the body the levels of
dopamine drop and the person starts to feel less
satisfied – and the desire to use the nicotine
product again increases. This creates a disrupting
cycle where the person has to use more and more
nicotine to feel the same effect they felt the first
time.
This can lead to many disturbances in
someone's day from always having to go outside
to smoke no matter the weather, carrying a bottle
around to spit chewing tobacco in and spending
lots of money. Challenge question 3: When you
smoke more, do you need more or less nicotine
to make you feel satisfied? (See end of reading
for answer.) Ultimately, dopamine is really
linked to the expectation of an event, or to
motivating a person to repeat behaviors that
release a lot of dopamine, and that means using
nicotine products can lead to addiction.

Why is it Bad?
Not only does the use of nicotine lead to this
disruptive cycle it can also have a detrimental
impact on the user's health. Nicotine use can
cause many types of cancer including lungs,
mouth and liver cancer just to name a few.
Nicotine products are often filled with other
chemicals that can lead to poor health. Of course,
while the easiest way to avoid nicotine
dependence is to avoid using nicotine products,
there are resources available to help those who
already use the products.

Answers to questions:
1. The skin
2. The positively charged form, structure “b”
3. More nicotine
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Nicotine – Video Questions
This video is designed to be a wrap-up for the lesson. It covers many of the topics discussed and should
be more repetition of the ideas learned. The video should be followed by a time to discuss the lesson and
what reiterate the important concepts of the classroom lesson.
The video is approximately 5 minutes long and can be found at:
https://digital.kenyon.edu/celchem401video/2/ (version with a word “bleeped”)
https://digital.kenyon.edu/celchem401video/3/ (version with “bleep” sentence removed)

Discussion ideas for the nicotine educational video:
One way to use this video is to pause after each act (there are 3) and discuss information from each section.
This lesson could end with the students talking about ways to spike dopamine in a healthy, fun, and safe
manner, such as running or laughing, and possibly a discussion about how to best avoid nicotine products.
Important concepts that are reflected in the video include:
Act 1: Meet My Friend Discussion:
What is nicotine
Products, chemical formula, chemical structure
How nicotine is absorbed into the body
How the chemical properties affect this
How the different products enter the body
Act 2: Nicotine Looks for Love Discussion:
Effects in the body
Introduce the nicotinic acetylcholine receptor
Binding to the nAChR
The increase of dopamine
Act 3: The Dark Side of the Smoke Discussion
The negative effects of nicotine on the users’ health
The addiction cycle
Health effects it can cause
Other chemicals nicotine products contain
Avoiding/getting help for nicotine addiction
Video References:
1. Tobacco - World Health Organization. (n.d.) http://www.who.int/mediacentre/factsheets/fs339/en/
(accessed October 4, 2017).
2. About Nicotine Strengths. (n.d.) https://www.nicvape.com/About-Nicotine-Strengths (accessed
October 4, 2017).
3. Nicotine addiction and nicotinic receptors: lessons from genetically modified mice
http://www.nature.com/nrn/journal/v11/n6/fig_tab/nrn2849_F1.html?foxtrotcallback=true
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Classroom Activities:

Objective 1:
The products in which nicotine is found and how it enters the body.
Learning Goals:
• Learn that nicotine is found in all types of tobacco products as well as vape liquids, etc.
• Understand how nicotine enters the body depending of product being used.

Classroom Discussion and Activity Using Nicotine Product Images:
Materials:
• Images of nicotine containing products, ex. cigarettes, e-cigarettes/vape pens, hookah pipe, chewing
tobacco, Nicorette gum, nicotine patch. A hardcopy version (11x17 paper) can be found in the
provided toolkit, and a PowerPoint version of images can be found with the supplemental information
at digital.kenyon.edu/celchem401nicotine.
1.1
Ask students about their knowledge of where nicotine is found, what products contain nicotine, and
how nicotine enters the body with each product.
Nicotine is found in the following common products: e-cigarettes/vape pens, cigarettes, hookah, chewing
tobacco, cigars, and many smoking cessation products including nicotine patches and chewing gum. These
products are different methods for introducing nicotine (and its companion chemicals) to the body.
• Absorbed through lungs = cigarettes, vapes/e-cigarettes, hookah pipe smoking
• Absorbed through mouth tissues (ex. gums, tongue) = chewing tobacco, Nicorette gum
• Absorbed through skin = nicotine patches (stop-smoking patches)

If students know about nicotine and the products that contain it:
• Ask students to name different products they know contain nicotine. Use the nicotine product images
to help students with less knowledge become familiar with the look of the product. Mention that
nicotine is commonly associated with smoked products, but that is not the only place it is found.
• Use the nicotine product images to introduce common products the class did not name and ask the
students if they know what it is, and if nicotine is contained in it. Hookah pipes and nicotine patches
tend to less known by younger students.
• In addition, ask how the product is used and how the nicotine and other chemicals enter the body (see
ideas in previous paragraphs).
If students do not know about nicotine and the products that contain it:
• Mention that nicotine is commonly associated with smoked products, but that is not the only place it
is found. Show each of the nicotine product images and ask the students if they know what it is and
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if nicotine is expected to be contained in it. In addition, ask how the product is used and how the
nicotine and other chemicals enter the body (see ideas in previous paragraphs)

1.2
Ask students if they know what effects nicotine has on the body and if they know particular reasons
why people might consume (or avoid consuming) nicotine.
In brief (slightly expanded explanations are found in the Background Information)
Some people will use nicotine products for the stimulatory properties, likely based on the release of
adrenaline. For example, some feel nicotine administration helps to elevate mood, relieve anxiety, and aids
in the focusing of attention, but the research is unclear whether this a difference from the “normal nonnicotine state” or due to the alleviation of the withdrawal symptoms, which can arise only a few hours after
the last administration of nicotine. These properties are most often observed after a certain period of
abstinence, ex. after sleeping, so subsequent administrations of nicotine through the day typically give less
of a buzz. 3
In addition, younger users may start and continue use because of social pressures, ex. independence from
parents, acceptance by peers, or simply from boredom or curiosity. Most adult nicotine consumers start in
their adolescence.
Many people will avoid consuming such products to avoid the addictive cycle, cost of the product, and the
serious negative health outcomes associated with nicotine.

1.3
Ask students if they know of healthy ways to achieve some of the “positive” feelings that smokers
report, ex. elevation of mood, anxiety relief etc.?
Students likely will suggest ideas like running, eating, playing video games, laughing with friends, and
smiling. Remind them that these are healthy choices for achieving these feeling.

1.4

Ask students if they know who is able to legally consume tobacco products?

In all of the states in the U.S. people must be over the age of 18 to purchase nicotine products, but in some
states and cities the minimum age for purchase is 21 (ex. Columbus, Ohio).
In general, consumption of nicotine is particularly harmful to the body. Although many of the most serious
effects are not seen for years (ex. addiction, cancer, COPD), some mouse studies indicate the intake of
nicotine during the developmental years (ex. adolescence) may increase the desire for the repetitive intake
of the chemical. 25 In addition, the use of chemicals such as nicotine can affect brain and body development;
thus younger people are more likely to be harmed, or more seriously harmed, than adults who have fully
developed brains and bodies. 38 (The brain continues to develop until about the age of 25.)
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Note, the discussion and objectives in the ethanol module in this series will circle back to why there is an
age limit associated with these drugs. If you didn’t use the ethanol module and the egg drop activity it
contains, the activity will be duplicated at the end of this lesson.

Objective 2:
Understanding the nicotine molecule.
Learning Goals:
• Understand the connection between the molecular formula of nicotine, C10H14N2, and the atoms
represented in the nicotine model.
• Understand the spatial arrangement of the atoms in nicotine by examination of the model.
• Understand the “flexibility” of the nicotine molecule by trying to rotate and bend the model
• If class has examined other molecules, understand the size and shape of nicotine relative to the other
molecules.

Classroom Activity Using Model of Nicotine Molecule :
Materials:
• Models of the charged version of the nicotine molecule. This model
can be found in the provided toolkit. (Any chemical model building
kit can but used, but the components for these models were purchased
from Maruzen’s HGS shop. 39)
• Worksheet for recording observations can be found at the end of this
narrative.
Details:
2.1
Introduction of the model and connection to molecular formula of
nicotine, C10H14N2 (uncharged version) or C10H15N2+ (charged version).
The charged version is most important in the body and the ball and stick
model us represented in Figure 6a.
a. Ball and stick model: Review what each color ball represents (Black
= Carbon, Blue = Nitrogen, Light Grey = Hydrogen).
b. Count the number of carbon atoms (black spheres). There should be
ten carbons (C).
c. Count the number of hydrogen atoms (light grey spheres). There
should be 14 hydrogens (H) in the uncharged version and 15
hydrogens (H) in the charged version.
d. Count the number of nitrogen atoms (blue spheres). There should be
two nitrogens (N).
e. What is the molecular formula for nicotine.

a)

b)

Figure 6. Charged version of the
nicotine molecule illustrated by two
models. Both models are in a similar
orientation. (a) Ball and stick model.
carbon atoms = black; nitrogen atoms
= blue; hydrogen atoms = light grey.
(b) As with convention, nitrogen
atoms = N, hydrogen atoms = H, and
bonds are represented by lines. For
clarity of structure the representation
does not include carbon and most
hydrogens atoms.
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Examining the answers about the atom counts above, the formula is shown to be C10H14N2 (uncharged
version) or C10H15N2+ (charged version), where the subscripts record the number of each type of atom.
Each atom type is abbreviated, carbon = C, hydrogen = H, nitrogen = N.
(While there is a conventional way to order the atoms types, ex. C followed by H, etc., changes in this
order does not hinder the chemical understanding.)
2.2 Examine the nicotine molecule more specifically with respect to shape, size, and flexibility.
a. Are there certain types of bonds that will rotate and others that will not??
• Of the points mentioned below, nicotine contains single bonds, double bonds and rings.
• Single bonds allow free rotation around the bond. An example
is seen in Figure 7. Looking at figure 6b, free rotation also
occurs with each bond that correspond to single lines and is not
part of a ring system.
Students should twist the molecules to see how they can move.
In some molecules these rotations can significantly change the
shape of the molecule, and in many cases, only a subset of those
shapes will fit and interact well with the receptor.
Figure 7. Illustration of single
This free rotation is due to the bonding electrons staying close bond rotation in sucrose. (Yellow
to the internuclear axis. (ex. the stick representing the bond is curved arrow.) Double and triple
the internuclear axis.)
bonds cannot do this, nor can bonds
• Double bonds and triple bonds do not allow free rotation. These that are part of a ring.
are represented by double or triple lines respectively. There are
three carbon/carbon double bonds in nicotine. These areas of the molecule are fixed with respect to
their shape. Students should be able to “feel” this rigidity when handling the models.
The lack of free rotation is due to the 2nd and 3rd set of bonding electrons moving in areas that are
located off of the internuclear axis.
• Rings will limit the flexibility of the molecule in the region of the ring. There are two rings in
nicotine, a ring with 5 atoms and a ring with 6 atoms.
• Scientists working to design drugs to interact with a certain receptor will take these ideas into
account because molecular shape and flexibility often plays a role in the effectiveness of a
medication. For example, the chemical naloxone, sold as Narcan, block opioids from binding with
the opioid receptor. The chemical structure of naloxone and morphine are similar, thus fit into the
binding pocket of the receptor in a similar way.
b. Are there “rings” present? If yes, are they flexible and able to bend a little “convex” and “concave”
or are they rigid and have little flexibility?
• The five member ring has some flexibility since it is linked together by single bonds
• The six member ring has little flexibility since it has double bonds integrated into the ring structure
c. Optional: Compare the nicotine molecule to one of the other molecules studied. Find similarities and
differences.
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• It would be ideal to have examined sucrose (table sugar, C12H22O11), the first module in this series
which was used to set up the idea of a drug binding with a receptor.
• Sucrose has more atoms involved in the molecule, than nicotine.
• Sucrose has two rings that are fairly flexible since neither has the integrated double bonds seen in
one of nicotine’s rings.
• Nicotine, because of its structure and electron distribution, will interact with the nACh receptor but
not any sweet receptors, and it will follow a different pathway as it is metabolized. Nicotine will
partially rely on its positive charge to help it interact with its receptor. Sucrose, on the other hand,
will use some of its –OH groups as it interacts with its receptor. The shape of nicotine and its
charge distribution is complementary to that seen in the nACh receptor but not the sweet taste
receptors. (A similar story is found for sucrose and its ability to bind with the sweet taste receptors,
but not the nACh receptor.)

d. Optional: Typical number of bonds from each atom type.
If you look at a number of molecules (like ethanol, sucrose, and others in this series of lessons),
patterns in bonding should start to emerge. For the younger/newer chemist it can be empowering to
recognize these patterns, and it helps to predict whether the molecular model being examined is
reasonably assembled. These patterns are the result of deeper chemical concepts that would be
examined in a general chemistry course.
• How many bonds (sticks between spheres) are associated with each carbon atom (black spheres).
There should be four bonds (sticks) from each carbon atom. This is the normal number of bonds
associated with carbon.
• How many bonds (sticks between spheres) are associated with each hydrogen atom (light grey
spheres).
There should be one bond (stick) from each hydrogen atom. This is the normal number of bonds
associated with hydrogen.
• How many bonds (sticks between spheres) are associated with each nitrogen atom (blue spheres).
If you are looking at the charged version (version seen in body since body pH ~7), C10H15N2+, there
should be three bonds (sticks) from the nitrogen atom of the 6-member ring and four bonds (sticks)
from the nitrogen of the 5-member ring. The most common number of bonds associated with
nitrogen is three, but it is also found with four a bonds if it is charged.
If you are looking at the uncharged version, C10H14N2, there should be three bonds (sticks) from
both nitrogen atoms. The most common number of bonds associated with nitrogen is three, but it is
also found with four a bonds if it is charged.
e. Optional: Examine the structure of nicotine as it exists in the body.
Nicotine has a nitrogen (N) in the five member ring that can gain/lose a proton (H+). The pH of the
environment surrounding the molecule determines whether the proton is attached, i.e. nicotine has the
formula C10H15N2+ or the proton is detached, C10H14N2. (See Figure 1 or 5.)
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While discussion of pH and pKa’s are beyond the scope of this module, the following may be
interesting for students with this science background. The nitrogen in the 5-member ring has an
associated pKa of approximately 8.6. Thus, when the pH of the environment surrounding the nicotine
is less than 8.6, the majority of the molecules will have a proton attached to that nitrogen and it will
have the formula, C10H15N2+. In contrast, when the pH of the environment surrounding the nicotine is
greater than 8.6, the majority of the molecules will not have a proton attached and the formula will be
C10H14N2.
The average pH of the human body is about 7.4 so while nicotine is circulating in the body the majority
of the molecules will have the form of the positively charged version (C10H15N2+). It is only this
charged version of the nicotine that can interact well with the nACh receptor, which indicates this
charge is important for binding with the receptor

Objective 3:
How nicotine interacts with the body.

Learning Goals:
• Review receptor-chemical binding and relate to nicotine’s interaction with the nACh receptors in the
body.
• (Optional) – Explore the importance of structural and charge complementarity between the receptor’s
binding pocket and the chemical that will bind.

Classroom Discussion and Activity 3.1 – Review of Receptors and Chemical–Receptor Binding
Materials for Activity:
• Baseball Glove
• Baseball
• Frisbee or other object that can’t easily be caught by baseball glove
The receptor concept was initially introduced in the sucrose (table sugar) module found at
digital.kenyon.edu/celchem401sucrose. If the students need review, activities from that module could
be helpful.
Review of basic idea and activity from sucrose module:
Receptors are large protein molecules in the body (often found in cell membranes) that can “catch” or
chemically interact with caffeine, adenosine or other molecules that can move through the body. (Figure
8.) In many cases the receptor shows a distinct preference for certain molecules based on molecular
shape and the charges present on the molecule.
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Figure 8. Illustration of chemical-receptor binding using baseball glove and baseball. To bind
and potentially cause downstream effects in the body, the chemical must properly fit in the
receptor’s binding pocket, i.e. the chemical and the binding pocket must have complimentary
shapes. They must also have some degree of charge complementarity.

In the sucrose module, an activity with a baseball glove (representing a receptor) and a variety of ball
types (representing different chemical molecules, ex. drugs) helped to illustrate the concept. For
example, most receptors can only “catch” or bind with a limited number of chemical molecules, and the
shape of the molecule is important in this interaction. To illustrate the importance of molecular shape,
it can be demonstrated that a baseball glove can easily “catch” or “receive” a baseball (ex. of a drug and
receptor with complementary shapes), but it is more difficult/impossible to catch a basketball or frisbee
with the baseball glove (ex. representing a drug with a shape that is not complementary to the receptor’s
binding pocket).

Classroom Activity 3.2 – Chemical–Receptor Binding with Nicotine and the nACh receptor
Materials for Activity:
• A “fuzzy” glove that will stick to Velcro.
• “object 1” – A small object, (ex. ball), that will fit into the glove and has Velcro attached. (see Figure
9.) The velcro needs to be attached well enough that it will not dislodge the ball is thrown or caught
by in the glove.
In many cases the receptor shows a distinct preference for certain molecules based on molecular shape
and the charges present on the molecule. For example, the positively charged version of the nicotine
molecule, C10H15N2+, binds with the nACh receptor but the uncharged version, C10H14N2, does not (albeit
there are fewer of these uncharged molecules in the body). A very brief description of why most nicotine
molecules are charged in the body is provided in the Background Information above.
In the sucrose module, the importance of complementary shape between the receptor and chemical was
explored. An activity with a baseball glove (representing a receptor) and a variety of ball types
(representing different chemical molecules, ex. drugs) helped to illustrate the concept. For example,
most receptors can only “catch” or bind with a limited number of chemical molecules, and the shape of
the molecule is important in this interaction. To illustrate the importance of molecular shape, it can be
demonstrated that a baseball glove can easily “catch” or “receive” a baseball (ex. of a drug and receptor
with complementary shapes), but it is more difficult/impossible to catch a basketball or frisbee with the
baseball glove (ex. representing a drug with a shape that is not complementary to the receptor’s binding
pocket).
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For nicotine, the shape is not the only important characteristic for chemical-receptor binding, in this
case, the charge of the molecule is also important. Like with shape complementarity, the charge on the
molecule must complement the charge in the binding pocket of the receptor. The version of nicotine
that will interact with the nACh receptor has a positive charge and this attractively interacts with a
negative charge on the receptor.

3.2
(Optional) Chemical–Receptor Binding with Nicotine – Explore Complementary Shape &
Charge
This activity helps students to start understanding why complementary charges on the chemical and receptor
help with binding. It also will make them aware of why the structure and orientation of the chemical and
receptor are so important to this interaction. (See Figure 9.)
a. Hold up the fuzzy glove and discuss how gloves are analogous to receptors.
b. Receptors catch molecules much like a baseball glove can catch a baseball. See previous section for
quick review or sucrose module for deeper explanation
c. Show the object with the velcro attached (object 1). Note that this object represents the nicotine
molecule and the velcro, the charge.
d. Toss or place the object 1 (charged nicotine molecule) into the gloved hand. When the complementary
sides of the velcro come in contact, indicate this illustrates how the charge can help the molecule
“bind” to the receptor site, at least for a short time. For example, research indicates 10,11 the charged
region of the nicotine attractively interacts with a negatively charged region of the nACh receptor,
specifically the negatively charged aspartate side chain.

Figure 9. Illustration of chemical-receptor binding with both shape and charge complementarity.
The pink squares illustrate the complementary charge areas (velcro) in both the chemical
(baseball) and receptor (baseball glove). When the velcro on the ball and glove match up then
there is a stronger attraction between the two. Similarly, when a chemical and receptor have
complementary shapes and the orientation is such that charged areas (one positive and one
negative) are close together, there is a stronger attraction (tighter binding) in the chemicalreceptor complex. This may lead to an effect on the body.

Students should be able to comprehend that the strength of the attractive interaction between the object
and the glove would be less if the object did not have a complementary square of velcro. This is
analogous to an uncharged nicotine interacting with the nACh receptor.
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Objective 4:
Some long-term and short-term effects of using nicotine-containing products
Learning Goals:
• Learn that when nicotine binds to nACh receptors in the body, it starts a cascade of events that activates
the reward circuit. This causes motivations and sensations that can lead to addiction.
• Learn about some of the downstream physical and behavioral consequences that result from nicotine
binding to the nACh receptor.
• Understand how repeated nicotine exposure can lead to addiction.
• Learn that certain drug interactions in the body can cause more damage to a developing body than a
mature body This should translate into a general understanding of why there is an age restriction on
the sale of nicotine products.

Classroom Activity 4.1 – Nicotine Dependence “Roller Coaster” :
Materials:
• A board or paper on which to draw (Figure 10 or 11 is the final image)
• Small “rewards” like skittles/gummies/etc. in a container for each small group
10-15 rewards needed per person
• Model of nicotine molecule
One model per group
• Glove to mimic nACh (nicotinic acetylcholine) receptor. The glove used must allow the wearer to
grasp the nicotine molecule
One glove per group

Activity Detail:
The following activity should demonstrate the diminishing “positive” return upon repeated (and typically
regular) use of nicotine. As indicated in the background notes, some consumers of nicotine believe it lifts
mood, relieves stress and anxiety, helps with focus, etc. Although research has not been able to determine
if these “positive” returns actually elevate feeling above that of a tobacco-free control or simply reduce
nicotine withdrawal symptoms, the first doses of nicotine tend to elicit the greatest response from the body.
That is, there is a desensitization of nACh receptors that takes place when nicotine is repeatedly used within
a short time interval, consequently the downstream effects that may have been the original reason for the
nicotine use are attenuated.
In this activity, the rewards/candies will represent the “positive” effects a person is seeking in nicotine use.
As the instructor signals successive administrations of nicotine, the number of rewards/candies each person
receives decreases.
a. Students should work in small groups so they all have easy access to the rewards/candies.
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b. If desired, hand out one nicotine molecule model and one glove to each group. The glove will represent
the nACh receptor.
c. Assign a student in each group to be in charge of “nicotine binding,” which involves placing the nicotine
molecule in the glove. This action occurs when the instructor states that smoking, chewing, vaping, etc.
occurs and signals the release of the rewards/candies.
d. Alternatively, the instructor could do parts b and c.
e. After the instructor indicates the first nicotine administration to the body (ex. smoke) the students pick
up four rewards/candies. In the body, this would represent the maximal “positive” effect produced by
nicotine intake.
f. Ask the students if they are pleased with their reward and ask them to remember this amount of
“happiness”.
g. Illustrate the dopamine release visually on the board using
a graph such as seen in Figure 9.
Initially draw x and y-axes labeled as time and “positive”
effect respectively.
After indicating the first nicotine administration (ex. vape)
draw a curve that illustrates the ensuing increase in
activation of the reward circuit and “positive effect,” and
then its subsequent decrease with time.
This curve should be quite high since the curves drawn for
the next nicotine administrations need to be progressively
Figure 9.
Cartoon representing the
smaller in amplitude.
“positive” effects from 1 dose of nicotine.
h. After indicating a second nicotine administration students
pick up two rewards/candies.
i. Ask the students if they are happy with their reward of two items – and if they are as happy as they were
with the previous reward of four items after the first nicotine administration. If the rewards are liked by
the students, the reduction should be disappointing.
j. lllustrate the second dopamine release and reward circuit
activation on the board. (See Figure 10 for full cartoon.)
Draw a curve that illustrates this second increase in
dopamine release & activation of the reward circuit and its
subsequent decrease with time.
This curve should have a lower maximum since the reward
for this administration is less than for the first.
k. Similarly, after indicating the third nicotine administration
and its cascade of effects, students pick up one
reward/candy.
Figure 10.
Cartoon representing the
l. Again, ask the students if they are happy with their reward “positive” effects from successive doses of
– and if they are as happy as they were with the first or nicotine spread over a given time period.
second reward (after the first and second nicotine Decrease in effect due to receptors becoming
administrations). As before, if the rewards are liked by the desensitized to nicotine.
students, this reduction should be disappointing.
st

24

m. Again, draw a curve that reflects this third increase in dopamine release and activation of the reward
circuit and its subsequent decrease with time. This curve should have a lower maximum than the
previous two since the reward for this nicotine administration is less than for the others.
n. Likewise, after indicating the fourth and subsequent nicotine administration and its cascade of effects,
students pick up one reward/candy.
o. As before, ask students if they are as pleased with their one reward/candy outcome.
p. Add another curve to the graph that is similar to the third. Repeat for each of the additional nicotine
administration.

Discussion opportunities:
1. Students should be able to recognize that the first administrations of nicotine elicits the greatest
“positive” response from the body and thus the greatest buzz.
Subsequent administrations of nicotine result in a reduced “positive” effect in the brain or a
reduction in the buzz.
This should parallel the students decrease in happiness with the decreasing number of rewards after
each round of nicotine binding. (Note: After sufficient abstinence from nicotine, ex. overnight, the
body can “reset” and the process restarts.)
2. Students could discuss why a person might advance
from smoking/vaping/dipping one or two times a day
to multiple times per day. Using the graphical
visualization constructed during the activity can aid
in this conversation. (Figure 11)
Looking at the graphic, students should be able to
make the prediction that smoking multiple cigarettes
(or dipping, vaping, etc. repeatedly) in an even shorter
period of time could potentially increase the
“positive” effects desired by the nicotine user. In
addition, the anticipation of these effects can also
increase the desire to repeat the action.
3. Many people that start smoking advance to smoking Figure 11. Cartoon representing the
multiple cigarettes per day because a tolerance to “positive” effects from successive doses of
nicotine spread over a given time period, but
nicotine is developed.
In this case, after long-term repeated exposure, the administered in a different manner.
body does not respond in the same way or to the same Nicotine users often progress to more use
degree – even after short abstinence – as when in order to enhance the “positive” effects
despite the desensitization of the receptors.
nicotine was a first used by the person.
As a result, the person tends to administer more
nicotine in the attempt to achieve the initial or most desired buzz.

25

Classroom Activity 4.2 – Nicotine Use & Lung Injury, ex. COPD :
Materials:
For each student group –
• Absorbent Sponge to represent healthy lungs
ex. regular sponge from store
• Label absorbent sponge “Healthy Lungs”
• Less-absorbent sponge to represent unhealthy lungs
ex. regular sponge with some glue or other substance absorbed and hardened to decrease absorptivity.
If dark colored paint or stain is used, it could represent the black spots seen in many smokers’ lungs
• Label less-absorbent sponge “Unhealthy Lungs”
• Water in container to represent oxygen that could be absorbed by the lungs
Container should have a mouth wide enough for students to easily put hand and sponge in the liquid.
If you add food coloring to the water it may seem more fun.
• Label water container “oxygen in the air”
• Two empty containers of the same size; one for the water that was absorbed by the absorbent sponge
the other for the less-absorbent sponge. This represents the amount of oxygen that can enter the body
through the healthy or damaged lungs
• Label one water container “oxygen into the body from healthy lungs,” and label the other container
“oxygen into the body from unhealthy lungs.”

Activity Background:
The following activity should illustrate the effect of smoking on the lungs of many people. Smoking is
associated with lung cancer and chronic obstructive pulmonary disease (COPD) and there are a number of
chemicals in cigarettes, cigars, etc. and their smoke that can be responsible for this. To this point, the longterm effects of vaping with nicotine liquid are unclear.
Chronic obstructive pulmonary disease (COPD) refers to a group of diseases like emphysema, chronic
bronchitis, etc., that involve reduced airflow in the lungs and difficulties with breathing. The reduction in
air flow can be due to a variety of causes, but the consequence is a reduction in the body’s ability to obtain
a healthy or sufficient amount of oxygen, O2, from the air. Oxygen is required by the cells in the body to
function properly, with cellular respiration being critical. If there is not a sufficient amount of oxygen, a
person can have discomfort (ex. feelings of choking and disorientation) and damage can occur to organs
such as the heart and brain. It is always important to note that when a person stops smoking the lungs and
the rest of the body will repair to some extent, but the less a person smokes the better their long-term health.
Using absorbent and less-absorbent sponges to represent healthy and unhealthy lungs and water to represent
the oxygen that could transfer to the body, students should make the link that when the lungs are more
absorbent more oxygen that will get into the body – and that is a positive.

26

Activity Details:
a. Students should hypothesize if they expect the “healthy lungs” (absorbent sponges) or the “unhealthy
lungs” (less-absorbent sponges) to be able to transfer more oxygen into the body.
b. If enough time, students can design their own experiments to try to find support or refutation for their
hypothesis.
For example, each student in the group could absorb as much water (“oxygen”) as possible with the
“healthy lungs” sponge, then squeeze that quantity into the container reserved for “oxygen into the body
from healthy lungs.”
Next, each student in the group could absorb as much water (“oxygen”) as possible with the “unhealthy
lungs” sponge, then squeeze that quantity into the container reserved for “oxygen into the body from
unhealthy lungs.”
After each student in the group had a chance to participate, they could compare the volume of water
(“oxygen”) transferred. They should find that there was less water transferred by the less-absorbent
sponge (“unhealthy lungs”) than the more-absorbent sponge (“healthy lungs”)

Classroom Activity 4.3 – How nicotine and other drugs can have differing affects on developing and mature
brains:
This activity was taken from the ethanol module and modified slightly with respect to nicotine. The basic
idea is the same for all drugs and chemicals ingested when the body and brain is developing – care must be
taken because the body and brain are more susceptible to damage prior to full maturation.
Materials for Activity:
One for each group of students:
• One hard-boiled egg in a sealed transparent plastic bag (ex. baggy) labeled “adult brain” (or “mature
brain”, etc.)
• One raw egg in a sealed transparent plastic bag (ex. baggy) labeled “adolescent brain” (or “developing
brain”, etc.)
The brain is actively developing during the early years of life, including
the teenage years, and continues into the twenties. 38 During the
development phase the brain is particularly sensitive and the consumption
of nicotine and other drugs can impair its proper development. Fully and
properly developed brains are less likely to be severely damaged by a
similar intake of drugs. This is similar to the fragility of an archway or a
bridge while it is under construction. Once the keystone or the final pieces
are installed, the object is relatively strong – however not totally resistant
to damage. (Figure 12)

Figure 12. The archway is not
self-supporting until the central
keystone is laid.

This activity will use raw eggs to represent adolescent, still-developing, fragile brains. The hard boiled
eggs will represent adult, well-formed brains.
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a. Give each small group of students a sealed bag with an “adult brain” (hard-boiled egg) and a sealed
bag with an “adolescent brain” (raw egg)
b. Drop each egg (in bag) from the same height
c. After the drop, examine how the eggs are damaged. Have the students discuss if one is more damaged
than the other.
From a drop distance of a few feet, the fragile raw egg usually breaks such that it loses its shape.
In contrast, the stronger, hard-boiled egg usually suffers minor damage, a cracked shell and some
denting.
d. Nervous system analogy: When the brain is developing it is fragile and susceptible to negative
developmental effects from nicotine or consumption of other drugs. However, once the brain is fully
developed it is less susceptible to the negative effects of nicotine. That said, the adult brain and body
is still vulnerable to the negative effects from the use of nicotine or other drugs.
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Nicotine Worksheet
1. Write the name of the molecule your team is investigating:
2. List the elements found in your molecule:
Element Name

Element Symbol

Color of Element
in Plastic Model

3. What is the molecular formula of your molecule?

4. Does your molecule naturally occur in the body (is it made in the body) or come from somewhere outside
the body? (Circle response and answer corresponding question – skip the other question)
Made in body (answer question a)

Not made in body (answer question b)

a. If your molecule is made in the body: Why does the body make this molecule and what effect does it
have in the brain (how does it make you feel)?

b. If your molecule is not made in the body: How does your molecule enter our body and what effect does
it have in the brain (how does it make you feel)?

5. How does your molecule interact with the brain? How does your brain’s signal then make you feel?
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Nicotine Worksheet with Answers
1. Write the name of the molecule your team is investigating: Nicotine (uncharged)

Nicotine (charged)

2. List the elements found in your molecule:
Element Name

Element
Symbol

Color of Element
in Plastic Model

Number of These Atoms
in Molecule

Carbon

C

Black

10

10

Hydrogen

H

Light grey

14

15

Nitrogen

N

Blue

2

2

3. What is the molecular formula of your molecule?
Nicotine

C10H14N2

(uncharged version) ------- no worries about order of elements

Nicotine

C10H15N2 + (charged version) ------- no worries about order of elements

4. Does your molecule naturally occur in the body (is it made in the body) or come from somewhere outside
the body? (Circle response and answer corresponding question – skip the other question)
Nicotine -- not made in body, comes from outside sources (answer question b)

a. If your molecule is made in the body: Why does the body make this molecule and what effect does it
have in the brain (how does it make you feel)?
NA

b. If your molecule is not made in the body: How does your molecule enter our body and what effect does
it have in the brain (how does it make you feel)?
Nicotine typically enters body through lungs (smoking & vaping), mouth (chewing) or skin (patches)
Some users say nicotine improves mood, concentration, etc. –
Over the long-term it can cause cancer and changes to DNA (potentially detrimental) that can be passed to
unborn children

5. How do the molecule interact with the brain? How does your brain’s signal then make you feel?
The molecules interact with nicotinic acetylcholine (nACh) receptors
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Appendix A - Translating Bond-Line Structures ( also known as Skeletal or Stick Structures)
A bond-line structure is a short-hand way to quickly and efficiently convey the chemical structure of a
molecule. This structure removes the explicit representation of many carbon (C) and hydrogen (H) atoms,
thus the underlying structure of the molecule is often more easily visualized. Ultimately, this abbreviation
allows for a less complicated looking structure and with practice makes comparison of the molecule’s
structure more straightforward.
For the molecules explored in these modules, there are four rules that will allow the translation of the bondline structure to the more detailed structure that indicates the location of each atom.
Bond -Line Structure Rules:
1. LINES = bonds between atoms
2. ENDS of lines & VERTICES of lines = Carbon atoms
3. Every C atom always has 4 bonds. If 4 bonds are not explicitly shown, then the missing
(invisible) bonds are to Hydrogen atoms
4. All other atoms will be explicitly shown
The rules of the abbreviation results from common patterns seen in many molecules, particularly that carbon
atoms (C) tend to form the skeleton of the structure, and these carbon atoms are almost always found with
four bonds. It is for that reason, the location of carbons atoms with four bonds are abbreviated as the “end”
and “vertex” of every line (rule 2) - with each line segment representing a bond (rule 1). Rule 3 stems from
the fact that the only carbon atoms that are abbreviated have found bonds, and that many of those bonds
connect to hydrogen atoms.
This first set of molecules are intended as an introduction or practice set if this notation is unfamiliar. The
molecules used in the sucrose, caffeine, ethanol, and nicotine modules are found on the following pages.

Five example molecules. The bond line representation of chemical structure is on the left and the explicit
representation on the right. The carbon (C)atoms that follow rule two are shown in red on the right and the
hydrogen (H) atoms that follow rule 3 are blue. The same color scheme is employed on all the structures
in this appendix.
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Sucrose Module Structures of Interest:
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Caffeine Module Structures of Interest:

Ethanol Module Structures of Interest:

Nicotine Module Structures of Interest:
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